In order to simply the fabrication procedure as well as to prevent the formation of silicides at the Schottky interface, a novel NH3-nitrided Schottky-diode hydrogen sensor is proposed. This paper will first describe the fabrication procedure of this hydrogen sensor and the measurement methodology. Then, it will investigate the hydrogen sensing properties of the device. Finally, the hydrogen reaction kinetics of the device are studied.
I. INTRODUJCTION
Hydrogen is a very dangerous gas because it can cause serious explosion if a spark is present. In order to prevent these accidents, hydrogen sensors have become increasingly important in leakage detection for industrial fabrication processes and hydrogen-fueled vehicles, especially at high temperature. Gas sensors based on silicon can operate in environments only below 250°C because of its relatively small band gap (1.12 eV).
Compound semiconductors such as SiC, CdS, GaP, etc with wider band gap (about 3 eV) can operate potentially up to 10000 'C. Thus, they are very suitable for making hydrogen sensors, which can function in harsh envirornents such as hot-engine and car exhaust.
A lot of research on hydrogen sensors has been done. Different materials and fabrication methods were used to make the sensors [1 -4] . It has been reported that Schottky diodes with palladium (Pd) directly deposited on SiC can sensitively detect hydrogen and hydrocarbon gases. However, after heating of this structure for a long time, there are interfacial reactions between Pd and SiC forming palladium silicides, which cause drift in sensor properties [5] .
In order to reduce these interfacial reactions, a Gate insulator is placed between Pd and SiC. Several gate insulators such as SnO2 [6] , SiO, [7] [8] [9] In order to simply the fabrication procedure as well as to prevent the formation of silicides at the Schottky interface, a novel NH3-nitrided Schottky-diode hydrogen sensor is proposed. This paper will first describe the fabrication procedure of this hydrogen sensor and the measurement methodology. Then, it will investigate the hydrogen sensing properties of the device. Finally, the hydrogen reaction kinetics of the device are studied.
II. EXPERIMENTS N-type (0001) Si-face 6H-SiC wafer, manufactured by CREE Research, was used in this study. The SiC wafer had a 5-gm epitaxial layer grown on heavily doped substrate. The doping level of the epitaxial layer was 4 x 1015 cnt3. The wafer was cleaned using the conventional RCA method followed by a 20 sec. dipping in 1X, hydrofluoric acid to remove the native oxide. When the temperature of the furnace reached 900°C, the wafer was loaded into the furnace with N, inside to prevent wafer from oxidation. Then N2 gas was closed and NH3 with a flow rate 0.25 1/min was injected into the furnace to do nitridation for 5 min. This fornrd a nitrogen-terminated passivation layer on the surface of the SiC wafer. This passivation layer introduced nitrogen to the wafer to help remove dangling bonds and fixed oxide charges. Annealing was then done in-situ at the nitridation temperature in N2 for 10 min. The purpose of doing annealing was to eliminate strains and defects and make the 0-7803-8304-4/04/$20.00 ©2004 IEEE After the fabrication of the hydrogen sensors, their performance was recorded. In order to facilitate taking data, a computer-controlled measurement system was used. This measurement system mainly consisted of two parts: the gas mixing supply system and the parameter-testing system. The sensor was placed in a copper reaction chamber enclosed im a thermostat and the chamber was connected to digital gas flow controllers. Computer programs were used to investigate the characteristics of the hydrogen sensors by controlling the digital gas flow controllers, the thermostat and the HP4145B semiconductor parameter analyzer. Fig.1 Fig.2 . The graph shows good linearity, which indicates that the current conduction mechanism of the novel NH;,-nitrided Schottky hydrogen sensor is controlled by the thermionic emission mechanism. Sensitivity of the NH,-nitrided sample upon exposuire to different Ho concentration in N2 at 3 00 'C. The sensitivity of the NH3-nitrided sample upon exposure to different Ii concentratiorns in N1 is compared with that of the control sample in Fig.6 . At 300°C under a forward voltage of 2 V, sensitivities of both samples increase with hydrogen concentration. The control sample has a sensitivity of 6 % at 48 ppm Ij and gets saturated very quickly at 429 ppm with a sensitivity of about 19 %. However, he NH3-nitrided sample can give a significant response (sensitivity of 200 %) at 48 ppm H, and its sensitivity continuously increases to 350°/o at 800 ppm and does not get saturated even at 1000 ppm. The enhalnced sensitivity of the NH3-nitrided sensor is due to the effect of NH3 nitridation which improves the interfacial properties of the sensor. Excellent response of this sensor to hydrogen is further confirmed through continually changing hydrogen concentration, which gives rise to a rapid and clear "step" response as showni in Fig.7 . (2), the barrier height is calculated using, the following formula: O =-0T inl (3) IU ( By usingl equation (1), equation (5) Steady-state reaction kinetic anialysis for hydrogen absorptioni of the NH--nitrided sample at 3100 'C.
III. RESULTS AND DISCUISSION

IV. StUMMARY
A novel NH3-nitrided Schottky-diode hydrogen sensor has been fabricated and studied. The influences of hydrogen concentration and temperature on hydrogen sensing performance of the device are investigated. Expefimental results show that the sensor demonstrates high sensitivity, high stability, and fast response especially at a high operating temperature of 300°C. These properties provide the sensor potential applications for detecting hydrogen leakage in harsh environ-ments. The study has shown that the barrier height of the device decreases upon hydrogen adsorption and this leads to an increase in its forward current. It is also founid that the current-conduction mechanism of this sensor is controlled by the thermionic emission mechanism. The hydrogen reaction kinetics in the device is also confirmed.
